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*The SUSY (s)particle spectrum

SUSY Partners
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*Search for ~all of these, produced either directly or in cascades
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CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes
Overall diameter :15.0 m
Overalllength ~ :28.7m
Magnetic field :3.8T

SILICON TRACKERS

Pixel (100x150 ym) ~16m* ~66M channels
Microstrips (80x180 ym) ~200m? ~9.6M channels

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

) PRESHOWER
~—  Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
~ Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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*The CMS Detector

Muon

Electron
Charged Hadron (e.g.Pion)

— — — - Neutral Hadron (e.g. Neutron)

| )Iull ---- Photon

Key:

Transverse slice
through CMS

)

Silicon
Tracker

Electromagnetic
Calorimeter

Hadron

Calorimeter Superconducting

Iron return yoke interspersed

Solenoid
with Muon chambers
Om im 2m 3m 4m 5m 6m 7m
| | | | | | | |
23rd July 2014

Henning Flaecher - SUSY 2014 Manchester



*The experimental challenge

*SUSY signal likely small compared to SM backgrounds
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*The experimental challenge

*SUSY signal likely small compared to SM backgrounds

Exponential drop of cross

—.  — sections with jet pT & CMS Preliminary .
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*Focus of current searches

*stops and sbottoms
(special role wrt to

Higgs)

*gluinos and “light”
squarks

*search again for
stop and sbottoms
in gluino decays

* charginos,
neutralinos, sleptons

*searches for Higgs in
SUSY cascade decays

*RPV searches
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSY CrossSections arXiv:1206.2892
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*Focus of current searches

* stops and sbottoms * searches for Higgs in SUSY cascade
* Direct stop pair production * stop, -> stop, + higgs/Z search
SUS-13-015, SUS-14-011 SUS-13-024
* Monojet search for stop-> charm y,° * neutralino, -> higgs + gravitino
SUS-13-009 SUS-13-022
* Search for sbottom production
SUS-13-018

* charginos, neutralinos, sleptons
* channels with Higgs, Z & W bosons

* gluinos and “light” squarks SUS-13-006, SUS-14-002
* search again for stop and sbottom * 0S dilepton edge - SUS-12-019
in gluino decays * GGM searches with photons -
* Inclusive search with M, SU5-14-008
SUS-13-019
* Inclusive search with razor * RPV searches
SUS-14-011

* SUS-12-015, SUS-13-010
* There are many many more results, please check:

* https: / /twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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*Signature based searches

*split by no. of jets, b-jets, leptons, photons, ...

Sparticles Decay products Physics Objects

gluinos tops \\ > jets
squarks (15t & 2d gen) bottom \ X b-jets
stops light quarks electrons
sbottom W muons
charginos L dilepton pairs
neutralinos e * Opposite sign
« same sign
sleptons mu - opposite flavour
photon « same flavour
neutrinos . multileptons

\ )
v neutralinos photons
\ missing energy

Many possible final states for decay of one particle - can get complicated quickly!
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*Signature based searches

*split by no. of jets, b-jets, leptons, photons, ...

Sparticles Decay products Physics Objects

gluinos v tops 4 v jets

squarks (15t & 2 gen) bottom v v b-jets

stops v light quarks v electrons

sbottom v W v muons

charginos L dilepton pairs

neutralinos e * Opposite sign

e same sign

sleptons mu - opposite flavour
photon « same flavour
neutrinos v multileptons
neutralinos v photons

¢/ missing energy

<€
given final state often sensitive to more than one decay chain
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Real Data
Event Display

multi-jet
multi-b
missing energy

CMS Experiment at LHC, CERN
Data recorded: Wed Jun 13 21:51:54 2012 PDT
Run/Event: 196250 / 615309469

. Lumi section: 385

N Orbit/Crossing: 100914566 / 2074

HT = 1009 GeV

Jet pT = 268 GeV
/7 /
4
Jet pT =104 GeV
.. //

MET = 269 GeV

Jet pT = 168 GeV MIBET 0 - | | S A~
b-tagged jet W RS AR

Jet pT = 302 GeV
b-tagged jet

Jet pT =167 GeV
b-tagged jet

CMS Expenment at LHC. CERN

Data recorded: Wed Jun 13 21:51:54 2012 PODT
RurvEvent 196250 / 615300469

Lumi section: 385

Orbit'Crossing. 100914568 / 2074

HT = 1009 GeV

Jet pT = 168 GeV
b-tagged jet
Jet pT = 268 GeV

Jet pT =302 GeV
b-tagged jet

\ '//
Jet pT =104 GéVk

-

Jet pT =167 GeV
b-tagged jet

MET = 269 GeV




*Search strategies

*Define signal regions such to keep
expected backgrounds small, by using
novel kinematic variables, e.g., a;, My,
M, R?, M, etc.

*Define background enriched control

samples that are kinematically similar to
signal region

* Extrapolate from control -> signal regions
using extrapolation factors derived from
simulation and data wherever possible

*Verify extrapolation and its accuracy from
independent control regions
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* Analysis methods for background estimation

An illustrative example: Z—vv+jets,
irreducible background for Jets+E ™ search

A%
» aqV A
"\ ..”. E miss ¢
predzcted stgnal < Ndata
szgnal N control
control
Z—ll+jets y+iets
Strength: : . Strength:
* very clean, easy to select Verify MC eXtraPOI.atlon * large stat, clean for high E,
Weakness: factor by “predicting”, Weakness:
* low statistic: factor 6 e.g., Z+jets from W+jets * not clean for E<100 GeV,
suppressed wrt. to Z —=vv * theoretical uncertainties
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*Interpretation of searches:
from full spectra to simplified models

*often a few dominant decay chains

*approximate full spectrum by a few decay chains
CMSSM e

g -
- Pair Production 6
603 —10% qQ,
'/ - 100%
\ 60 ( _> u )
\ ~ 500 v

c

86% of all hadronic

Tﬁ \ X2° Y progt{ction"in Lm1 c:n_sists
of “simple” decay chains. Scan any
8.7% This makes it particularly . 0
amenable to being com b] natlon
approximated well with a .
y 3-particle OSET. o of involved
L — sparticle masses
Simplified model spectrum (SMS) &
with 3 particles, 2 decay modes = X:°
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SUSY Partners
. [sParticles] g
ff e
Tte
"X T I X

Gluino

*Searches far charginos,
neutralinos and sleptons
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*Searches for electroweak
SUSY prOdUCt]on chargino/neutralino

*Electroweak production characterized by
* smaller predicted cross sections
* lower levels of hadronic activity

* CMS carried out comprehensive search
programme covering di-boson + MET final
states: WW, WZ, ZZ, Wh, Zh, hh

*with h -> ZZ, WW, vy, bb

*Higgs discovery opens up new SUSY searches:

* Lightest neutral CP-even Higgs (h) expected
to be SM-like, if others are heavy.

* Charginos and neutralinos decay to h+LSP or
V+LSP, with V=W, Z.
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*Search for decay to Zh and hh

*hh->bbbb channel

- OMS Preliminary L =1931" s =8TeV CMS Preliminary  L=19.3fb"  {s=8TeV h/Z
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*Interpretations in Simplified models

SUS-14-002 & arXiv:1405.7570

GMSB Higgsino
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SUSY Partners

[sParticles]
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Cl
eed

Higgsino

*direct production of sfaps
and sbottoms
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*Search for 34 generation SUSY
- stop and sbottom searches

A Natural Spectrun

Mass hierarchies

(13 ‘/” . .
General “bottom-up” viewpoint

M S that avoid
l “Distant fine-tuning
| TeV _| g ‘ Cousins
The “Nuclear Family” *
of the Higes Natural EWSB & SUSY
* valid beyond MSSM
500 GeV. | f2 Do not want tuning in (Higgs mass)?
by X 9
70 - — ) M
g i T e _fu L+ oy

hy (==)7 Higgsinos

From L. Hall «<— Closeness to Higgs

3 A
I IOOP 5m%{|st0p = _@ytz (m?fg + mg?g + |At’2) log < TeV)

stops, sbottomi

2 P A
2|OOP &m’%{lgluino = ——yf <?> |M3]210g2 (ﬁ)
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*Stop searches et et

*Dominant stop decay channel largely ; 4’"\%
depends on available phase space
Decay modes in the m(f) vs. m(%°) plane Am =m(t) - m(iP)
Am <m(W) m(W) < Am < m(t) Am >m(t)
A f A o A A N\ [ A \

v T T

\\ i (off-shell top)

' >
0 m(W) m(?) m(f) [GeV]
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*Direct stop production - SUS-13-015

*Hadronic decay channel, aims at reconstructing tops
*Uses Prics, Mry, MRS and M3et distributions as discriminating

variables

CMS Preliminary, L=19.4fb™, (s =8
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e ]
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Search Z — v tt/W tt/W QCD Rare
region — e, u+X | = ;H+X processes | background
pmiss > 200 GeV, Npjets > 1 | 35.8 F100 | 89.3 T30 [ 1202 F179 | 3.2 7357 | 5.8 135 || 254.3 7310 254
pRiss > 350 GeV, Npjets > 1 | 132755 | 82730 | 16513% | 1017 | 2019 | 409 5% 45
piss > 200 GeV, Npjers > 2 | 6.1 7537 | 3381103 | 453770 | 01409 | 3178 884 133 83
piss > 350 GeV, Npjers > 2 | 1.8 798 | 1277 4317 | 01197 | 12198 8.6 77
Henning Flaecher - SUSY 2014 Manchester 22 23rd July 2014




*Limit in stop-neutralino mass plane

t_

% ~ ~ ~ ~
Dependence on o bx T 1x°
stop BF ~
X -
X =Wy
SUS-13-015 X" SUS-14-011
CMS Preliminary, L = 19.4 fb”, Vs =8 TeV CMS Preliminary, L = 19.3 fb, {5 = 8 TeV
o T T T T T T LI />-\ pp — Tt 95% C.L. NLO+NLL exclusion
%J 400 - pp_)’ﬁ; T t)»Zo Observed limits - @0/ 400[ ~=100% T by’ m.-mo =5 GeV
S ss0f , 1 — Bl 1) =10 = 50% T bz, 50% T {7,
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all hadronic stop search inclusive razor analysis
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*Monojet search for stop->cl

SUS-13-009

* Monojet search as function of leading

jet pr (> 250 GeV, ... , >550GeV)

*MET > 250 GeV

“ Allow for second jet with p; > 60 GeV,

veto 3 jet
*Stop decay “invisible”

*only soft decay products
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*Interpretation - SUS-13-009

pr(j1) (GeV/c) | > 250 > 300 > 350 > 400 > 450 > 500 > 550
Total SM 35862+1474 17409+803 8064+437 39074250 2098+160 1096+106 563+71
Data 36582 17646 8119 3896 1898 1003 565
— 350
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) . ~0 .
A 300t~ x,C NLO+NLL exclusion
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w2z Observed limits = 10y,
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200—
150|— S
I L agtss> LEP, 6=0°
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100 | DO: 1fb”
-+~ CDF: 2.6fb™
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*Stop summary

LSP mass [GeV]
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3

Stop, search with decay via Z and H

SUS-13-024

Tt production, T—t 5‘(? /c 5‘(?

H/Z close the gap st
\Pz 3 e . : h S L CMS Preliminary — Observed .
te __e——- g 000rYs =8 TeV ~—~ Expecte B
-7 &, .50 where ~  [ICHEP 2014 Expected ]
- X 1 0 A 500 SUS-13-011 1-lep (MVA) 19.5 fb™! _]
- — [ == SUS-14-011 O-lep + 1-lep + 2-lep (Razor) 19.3 fb” i
p S~ _ 't'I e 5('(1) mstop mx1 mtop - — SUS-14-011 0-Ie: (Flazo':)+1-le‘:) mva) 19.3:1:'1 .
= ~ -——— | == SUS-13-009 (monojet stop) 19.7 fb™ ( T~ ¢ 2|) —
! t? &« ~ < .\ E 400; —— SUS-13-015 (hadro]nic stopp) 19.4 fb™! E
o~ 00}~ & :
H/Z : & @.. ]
200 V. -
1ooi —
* : Rl PVETO Tz ) ol s s o
SearCh reglonS: H->Z7Z & H->WW decayS stop mass [GeV]
N, | Veto | Npjets | Niets | EXss [GeV | | Additional requirements [ GeV ]
=3 >5 mt > 150
1 track or 1, >4 >4 > 50 my > 120
20S | extrae/u i Z E Z > 50 (Npp = 1 with 100 < my,, < 150), Npp, > 2
2SS | extrae/u i ;_ 2,3],> 4 [50,120], > 120 for low /high-pt: Hr € [200,400], > 400
=1 3,4
>3 — =2 = [50,100], [100,200], > 200 for on/off-Z: Hy € [60,200], > 200
>3 >3
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*Higgs in SUSY cascades - Stop, search
with decay via Z and H

_Hyz

-~ o I X
~, S~ 1 _e
7 BTSNy

H/7
* search with 11, 2 (SS & 0S) and >=3 [eptons + b-tags

* sensitive to H->bb, H->ZZ & H->WW decays
* >=3 lepton selection is the most sensitive

* split by on Z and off Z
* search closes the gap where m

- 0 =
my,” = mtop

stop

* For all points: mg,;-my,’=m,

CMS FE)rehmmary

3
)
S,

S

Henning Flaec

~ 350
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300
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&
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T T T ‘ T T \ \ ’J T T T \ ‘ T
pp—>t t t,— tHx

m~—m~o-175 GeV

\\:\‘\\\\‘E\\\\

350 400

450 500

550

m; [GeV]

Events / bin
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37 off-Z events

SUS-13-024

CMS Prellmlnary Vs=8TeV, /Sfdt =195 fo
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O, [ - Expected UL: i
S tz;z:’=0% : 1
400l mt—>t2x =50% AL b
| =1, th1 =100% |
300 .
200 : B
200 300 400 500 600
m. [GeV]
2

200

100 150
ET [GeV]
2014



*Search for sbottom with Mcy

Search in events with exactly 2 jets with 1 or 2 b-tags SUS-13-018

*Uses M. as discriminating variable:

Mer(h J2) = [Er(h) +Er(R))* = [pr(h) - pr(f2))’
= 2pr(J1)pr(22)(1+cos Ap(f1, J2)),

No. of b-jets Mcr Mcr Mect Mcr

Np jets =1 | <250 GeV | 250- 350 GeV | 350 - 450 GeV | > 450 GeV
Npjets =2 | <250 GeV | 250-350 GeV | 350 - 450 GeV | > 450 GeV

CMS Preliminary, 19.4 fo”, /s = 8 TeV

L e R LI EEa — 600 .
- MS Prel 19.4fb", 8 Tev - Data M . =
L C Ss|gr§;|r:2;§r:ywnh9N b=28 © Z(vvyrlets % pp—bb,b— bx? NLO+NLL exclusion | g
102 E R e o B W(kv)+dets g EObserved * 10theo : =
g [ — Top o 500 - 3 ] o
- s i t vV @ =::Expected = 1Oexperiment 7 5
R o g s -an = - 45 - @
L [ L maT7S0 Gt =50 GeY S - 1 7]
10; i . g i 77 m,,=300 GeV,m__ =150 GeV 400~ . @
- i P - 1 310"
- i P C 13 °
I | 1 s
e I i | I I :--%": _— I|__ _
10 E o . i b 200: ;: § 102 8
I 1 _é.. ' I - I:_ E g—
f-‘o2::::7::::1::I‘I‘.‘:I‘I‘I‘I‘ml‘l‘l‘l‘l"I“‘.‘.“‘I‘I‘I“‘"‘E 10012 41 3
E A i~ o
=" R | - V&
08? * | { 0 v b b b b Py || 1 |:| :n_- 10-3 S

0100 500500400 500600 “mo‘ ~500 200 300 400 500 600 700 800
M., [GeV] Mgpotiom (GEV)
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SUSY Partners
[sParticles] '
IV“‘ "7:-‘

*inclusive searches
(for squarks and gluinos)
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*Inclusive search with M, - SUS-13-019

*Search for excess in M, distribution in data binned by HT and

number of b-tags

Mry(my) = min [max (M%l), M%Z))]

ﬁ%(l) +l—7’¥(2) :ﬁq%liss

(M%l))z - (mvis(i))z i mi ) (E¥is(i)E§(i) B ﬁTvis(i) ' ﬁTX(i))

=
O
~ o
A ; N =
| 'High H, S
__ 1200} === — =
%J I\{(Iedium H-, 6
('2' 750‘-\ ——————— '————--___________< 'T\
a3 [ Low H, O
450-l-———————.—--_____________g_
30 200 =

™ [GeV]
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nclusive search with M-, - SUS-13-019

.- -

*data-driven background estimations
*single muon sample for W+jets and tt+jets
*photon + jets and di-muon sample for Z+jets
*QCD from M, sideband extrapolation

“Search in bins of My, with My, > 200 GeV

CMS Preliminary, /s =8 TeV, L= 19.5 fb" CMS Preliminary, \(5 8 TeV L=19.5 fb
ﬂ 104 I I I I I I I I | I I I I I I I I | I I I I I I I I _= > TTTT I TTTT I TTTT I |||||||||||| I ||||||||
< : Multijet 3 ) E. hlgh Multuet j
[0} - J 3 G 10° =°, Hr BWW+ets 3
Lﬁ S F | [l Lost lepton - 0 - R WZ+ets -
10 : V)+i 3 ~ 10* W Top
i Z +jets 3 E o E
! - V)4 3 ; = . — £ B Other 3
il < 103 E . ¢ Data 4
102 = g) = ° B
] L
10

0000000 000000000000000000009!'
g endo - Ao o - NO - N®@O O NO - @
N 2O bObDO O & .2N . Db Ibo o b .oN.2bbb o o © .
ENO;JCJ)G-,)NMN%JE Nc,')c;)o,')AII\IN(;'\)IE Nc;)(;.’o-,)/\ll\lmc)'\l)i E
1 1
: low H }  medium H ! high H :
e O T o OCILIM T3 T ST Lk S , 0 100 200 300 400 500 600 700 800
17,

' | - My, [GeV
summed over M,  signal region ro [GeV]

Henning Flaecher - SUSY 2014 Manchester 32 23rd July 2014



400

200

CMS Preliminary, 19.5 fo', Vs = 8 TeV

pp—bbb—b )”(? NLO+NLL exclusion
=Observed = 10y,
- Expected+ 1/2 0

experiment

600
rT"sbottom (GeV)

10

10

_
o
S

95% C.L. upper limit on cross section (pb)

CMS Preliminary, 19.5 fo'!, s = 8 TeV

PP —§4,G— g%, NLO+NLL exclusion
=Observed= 10
z::Expected+ 10

theory

experiment

400

g+, (0.d,5,)

g ————— - =
S -~

1000 1200
m, (GeV)

*additional interpretations available
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95% C.L. upper limit on cross section (pb)

m_qp (GeV)

pp—§G6,3—b B)”(? NLO+NLL exclusion
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1000
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*Inclusive razor analysis with b-tags

*Testing natural SUSY scenario
with ~TeV gluino, possible SUS-13-004, SUS-14-011
lighter stops and sbottoms and
a nearly degenerate chargino/

neutralino triplet.
CMS Preliminary, L = 19.3 fb™, (s =8 TeV

J N o0 — G  95% C.L. NLO+NLL exclusion
5 - thy: &8 1200| = 100% G — bb. s = 5 Ge
~ ~ —250% § — toy, 50% § — bby,
o 79000 100% § — tby; o
a_’ E;O °0% q%tt_”f' 50% §_>t% — Observed
T _— —--100% g — tty, - - - Expected
800F
g— bB')zo - e
600~ e
X’ o A
X Wx 4001
X° -~ -
* O ° 200_
covering all possible |
combinations of partial widths gL ] | ik,

d i 800 1000 1200 1400
to third generation squarks m, (GeV)
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*Qveryiew of squark & gluino searches
1st & 2nd generation }

Direct squark production: Gluino pair production:
sensitivity around 650-750 GeV  *sensitivity around 1.0-1.3 TeV

~ o~ . ~ ~0 ~ o~ . ~ — ~0

g-q production, g—q¥, g-g production, g—qQq¥,
%‘ 900: T I T T T I T I 1 I 1 I 1 l 1 1 1 I 1 1 1 I 1 : ;1000 :[ T IMI IHI T I.I Il.ll T [ LU ] TTTI I LU | LU I TTTT I LI l:
8 [CMS Preliminary 1 8 ,,f CMS Preliminary E
a 800 s = 8 Tev —SUS13.012 (H+ Wy 19517 | @ [ 1S= 8 TeV ~ Observed :
DE_ 200 -SUSY 2014 — SUS-12028 (aty) 11.7 fb” _: E 800 | SUSY 2014 Observed -1 puot
n _ ] n - ]
— [ — Observed ~SUS-13-019 (M,,) 19.5b" . - 2ooE -~ - Expected 3
600 Observed -1 o), - - -
E --- Expected E 600:— 2 cmmma . _:
500 - - a Y D ]
E S : 500 el Y, -
400f- - eng - -/ :
C s ~m o N o . 400 v —]
y 2 Senfleen-- +q (4,d ) . \ -
300 / R ERE - 0 .
A \ : 300 " E
200f / \ —; 200~ T SUS13:019 (M) 195 1" :“: _f
' 7 - ——SUS-13-012 (H+ W) 19.5fb" ' 7]
100 N B 100;— — SUS-12-028 (a) 117 fb” " —;
l‘ 1 1 | 1 1 l | :I I: | | | 1 | | 1 | | I | : :l 111 | || | 1111 I 1111 I 1111 l | Igl 1 11 I:I | 11 1 | | L1l :E | || I:
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*Qveryiew of squark & gluino searches
sbottoms |

*Direct squark production: *Gluino pair production:
“sensitivity around 650-750 GeV  *sensitivity around 1.0-1.3 TeV

~ o~ . ~ ~0 ~ ~ . ~ — ~0
b-b production, b — b g-g production, g— b b X
%‘800_|||||||II|IIII|IIII|IIII |||||||||||||||| [ % _||||I.II.|III| ||||||| ||
O, CMS Preliminary — Observed S 1000 CMS Preliminary — Observed
£ 700~ \g=8TeV Observed -1 og23Y % - |\/C§|.TE8pT2e0\4 . Observed -1 o3 5%
DE_ SUSY 2014 - -~ Expected DE_ L - -~ Expected
@ 600 % 800
SUS-12-028 (o) 11.7 fb™ I 2w - Sy
500 SUS-13-018 (M) 19.4 fb” : B
SUS-13-019 (M_) 19.5 fb" 600 e
400 -

300

400

200 = SUS-14-011 (Razor) 19.3 fb™

‘ 200~  —— sus-12-024 (B,+H,) 19.4fb™ _ !
100 h | —— SUS-12:028 (o) 11710 I
B Rk - 13- 5 b7 N
_I 1 11 | 1111 1111 | 1 111 | 1111 1 1 101 I::EI | I:I | | 1111 | 1 11 I_ | 1 1 ISUIS 13| 01|9 (llez)l 19|5f? 1 | | f | ‘ jJ | |
00 200 300 400 500 600 700 800 900 1000 200 600 800 1000 1200 1400
sbottom mass [GeV] gluino mass [GeV]
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*Qveryiew of squark & gluino searches

stops

*Direct squark production:

*sensitivity around 650-750 GeV

LSP mass [GeV]

-t production, T t ;Z? /c 523

700 _l T T 17T | T T 17T | T T 17T | T T 17T | T T 1T | T T TT | T T 1T T I_
- CMS Preliminary — Observed .
600/« _ ]
” \/g =8 TeV -~ - Expected 7]
"ICHEP 2014 ]
500 SUS-13-011 1-lep (MVA) 19.5 b ]
[ = SUS-14-011 0-lep + 1-lep + 2-lep (Razor) 19.3 fb™ ]
r— SUS-14-011 0-lep (Razor) + 1-lep (MVA) 19.3 fb™ ]
400}~ —— SUS-13-009 (monojet stop) 19.7 b (T~ ¢ _) _
| = SUS-13-015 (hadronic stop) 19.4 fb™ i
300~ -
200~ -
100| -
Y J_J:I: T g 1 | | | | 1111 | 1 | | :I LA | | | I_

0100 200 300 400 500 600 700 800
stop mass [GeV]
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*Gluino pair production:

*sensitivity around 1.0-1.3 TeV

1000
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600

500

400

37

0-g production, g—tt ;”g?

- I
- CMS Preliminary

" s =8 TeV
“ICHEP 2014

| ' SUS-13-012 0-lep (E;+H.,) 195 1b"
= = = SUS-12-028 0-lep (o) 11.7 fb”
e SUS-14-011 0+1+2-lep (razor) 19.3 b
— SUS-13-007 1-lep (A¢) 19.3 fb™
= = = SUS-13-007 1-lep (LS) 19.3 fb™
— SUS-13-016 2-lep (OS+b) 19.7 fb™
s SUS-13-013 2-lep (SS+b) 19.5 fb™
SUS-13-002 (MultiLepton) 19.5 fb™
= = = SUS-13-008 3-lep (3l+b) 19.5 fb™
i SUS-13-019 (MT) 19.5 b
" SUS-12-024 b-jet 19.4 fb™

| | sl
600 800 1000 1200

| |
1400 1600

gluino mass [GeV]
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*SUSY signatures with photons
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* Diphotan search with razor variak

* General gauge mediated models (GGM) give rise to signals with
photons. \p2

<3 B 3 : . cpe R )
Bino-like neutralino LSP with decay to gravitino + photon T -
o). | i s
. . S~ X1 e
y = Bl + Pal? - (o +pF)2  SUS-14-008 T
5 My = /(5] + 5.2 - 0F +p2)2  SUS-14 e )
{\/i miss (14J1 J2 Fmiss =g =g
R ME — ET®(pyr +pr) — EF™ - (Br?* + Pr??)
T - 2
CMS Preliminary ys=8 TeV, L =19.7 fo'!
%) F T T T T T T T T _
c 5. i* Razor yy +> 1 jet: Low R? Fit yy Sample g
(o) 3 107 . 68% Shape Systematic 3 !
— - F . o Fit Prediction ] I\ ¥ %
~ 8)” 107k —o. —— Low R?Data (y7) . ‘\J: a C:?
o - F ™ ] .G ~- 4w C
—4 p o e - < q == W
; e 10 —— E ! " q
o g | E P, .
O - o 1, ] e .
—_ g 2 - q
c 3 (; : — GGM Bino-like 3°: pp— (§9)/(@8) — (i°— &) G°— Gy)+et(s)
8 N : PP =80, §—qa+¥X, X, Gy CMS Preliminary Vs =8 TeV, L = 19.7 fo"
-2 T 5E 53 i i% CMS Preliminary Vs =8 TeV, L = 19.7 fb” Razor yy +2 1 jet NLO Exclusion
. . . . . ! = = = = Expected Exclusion == = Observed Exclusion
Razor yy +=1 jet NLO+NLL Exclusio _——— on+1c .
CMS Preliminary Vs = 8 TeV, L= 19.7 fo' = = = = Expected Exclusion — : Obs:rv:dl Er:(clusion < - -5 Expected Exclusion + 190 Observed Bxclusion -1,
(o — . . ; . . - £ 772 Expected Exclusion = 10,,, wmmmm Observed Exclusion = 10, . Errmrrrres I
..(L) 10 o E r--- > ki > 200()* 2.0
S Fe Razor vy +> 1 jet: High R yy Sample 3 5\ FTT" "7 T7777 T g 5 8 g ‘g
T s 68% Shape Systematic 1 2 M. < Mo 'S = 1900F 23
[ [ = T {4 O - (v %7 5 101 900F 8
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*Search for kinematic edge
from di-leptons
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*Kinematic edge in opposite sign,
same flayour dilepton events sus-i2-o19

g Gene(r)IC search forkmematlc endpoint in dilepton mass spectrum, e.g.,
X2 — ll — Xll l (produces triangular shape with endpoint)
* three body decays of X2 - X1l+l (produces an “edge”)

* Background estimation with opposite sign, opposite flavour leptons
* Two search regions: central |n| < 1.4, forward 1.6 < |n| < 2.4

* Signal and background contributions determined from kinematic fit

CMS Preliminary 19.4 b (8 TeV) CMS Preliminary 19 4fb (8 TeV) . R
s T e S, Signal as triangular shape
180 - 180 o a
Fit b —Fit convolved with Gaussian:
8 ??arrl]sur ov 3 ok opposite | Psmy) - /’”” .. (_(W_—wz) W
120 ) - 1201~ 2 '
5 i It B 2 flavour e a
& Sof 1o S e o
0 gogdt 1o D ol o Central  Forward
b 2 wf " Drell-Yan 158+23 71415
i e e 3 - Flav. Sym. [OF] | 2270 +44 745+ 25
t Rsp/0F 1.03 1.02

lﬁl 1‘}1 %Hi; i lnl+ L}lﬁéﬁjﬂ LTLJH

50 1 OO 1 50 200 250 300
m, [GeV]
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Pull
&&Lo;mw
‘ -

Pull

Signal events A126+41 22+ 20
mSo8°[ GeV] M7 +14
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*Kinematic edge in opposite sign,
same flavour dilepton events sus-i201

* Generic search far kinematic endpoint in dilepton mass spectrum, e.g.,
(produces triangular shape with endpoint)

*55(2)_%1—”(1

i

* three body decays of X5

(produces an “edge”)

*In addition, cut and count analysis of events with 20 GeV < m, < 70 GeV
(no shape assumption)

CMS

Preliminary

19.4 fo™
‘ T T T T ‘ T T T T
—e— Data

(8 TeV)
T T T ]

— Background

.| DY (data-driven) -
I Sys. ® Stat. E

central
region

suoide [elue)
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m JONPNYAL B YR Po . | L] <
= 1LTe?TIT. "0 'T 79 do . [TTe - o%0. 1. ®
o T TN le el 'e TTT LT "eeel ¢ | W
— - i hd [Rh o I9s
© P04 198
H H T Il 'Y
o N s o ‘ ‘ R
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events /5 GeV
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[=}
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(=}

40

CMS Preliminary
T T ‘ T 1 ‘i T ‘i 1T T

19.4 fb™ (8 TeV)

20

T T
—— Data _

— Background 1
77} DY (data-driven) -
I Sys. @ Stat.

forward
region
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suoyda piemio4
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Central Forward
Observed [SF] 860 163
Flav. Sym. [OF] 722+274+29 155+13+10
Drell-Yan 821426 1.7+14
Total estimates 73040 157+ 16
Observed — Estimated mfﬁg 63(1)
Significance [o] . 2.6 0.3 é
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*Prospects for 2015 & 13 TeV

* Good prospects for
SUSY from energy

increase from 8->13
TeV
*much larger than just
ratio of CM energies o
*up to factor ~50 for g
pair production of 1.5'a
TeV gluinos g

*factor 6 for stop pairs
of 500 GeV

*Not only good for
SUSY but also other
heavy objects such as
L’ etc.

Henning Flaecher - SUSY 2014 Manchester

WJS2013

—_
o

1010 =

43

| ratios of LHC parton luminosities: 13 TeV /8 TeV :7’/
,,'
_ //
99 p
. stop pair  / /
i 49 @ 500 GeV /" 4 |
MSTW2038NLO
100 1000
M, (GeV) gluino pair
@ 1.5 TeV,
L’ @3 TeV
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*Experimental Challenges in 2015

*Unfortunately boost in sensitivity
from increase in CM energy

: Real data event with 78
doesn’t come for free

reconstructed verteces
from high pile-up run

) s N
=

* Currently still uncertain running
and beam conditions and
luminosity profile

*Large increase in pile-up
guaranteed

*Effects on:
* trigger performance
* object reconstruction
* jsolation variables
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*Projections for 300/fb @ 14 TeVY

Exclusion with 20/fb @ 8 TeV Discovery with 300/fb @ 14 TeV

CMS Preliminary

-t production, Tt 52? /c 52?
‘ L

700 ; L1 I LI I LU I LU L | L | L | LI | L
—_ | ~ o~ 0 -1 -
% :‘ T 1T ‘ LI ‘ T 1T ‘ T T ‘ LI ‘ T 1T 8 600 [ pp_>tt*, t-)tX1 8 TeV, 20 fb 1 . ]
% - CMS Preliminary — Observed . = - 1-lepton channel = --see- 14 TeV, 300 ft: (scenario A) -
& 600[g =8 TeV - % - Based on SUS-13-011 - --- 14TeV, 300 fb5' (scenario B) -
E " ICHEP 2014 "~~~ Expected N £ 500 — Estimated 5c discovery reach ]
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[ = SUS-14-011 O-lep + 1-lep + 2-lep (Razor) 19.3 fb”' 400 F e”',«' (’ o PRe - \ E
[ = SUS-14-011 0-lep (Razor) + 1-lep (MVA) 19.3 b ] 00 - '((V;\vf‘ '((V e Phe “ ]
400 |- — SUS-13-009 (monojet stop) 19.7 b (T ¢ 7)) -] - & («& 7 \ i
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= 300 — R S e |
B ~ R S . 1]
300~ ] B A 4 Pl s, | I
B N . R ne o ' P
200 K . ’,' g . [
r ] B - K . i 7]
200} R R -
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B 100 [~ </, 1 —
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*Searches will cover the interesting region of stop masses up to
1 TeV with 300/fb @ 13 TeV

*Neutralino masses up to 500 GeV

*In gluino mediated models, reach up to m, of 2 TeV
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*CMS parallel talks

* Inclusive SUSY Particle Searches with Jets and MET
* Kristin Goebel - Tue 14:30, D7

* Searches for Direct Electroweak Production of Charginos, Neutralinos and Sleptons with
Leptons and MET

* Santiago Folgueras - Fri 17:10, D1

* Searches for Gluino, Stop and Sbottom Production in Channels with b-Jets and MET
* Nadja Strobbe, Fri 16:50, D1

* Searches for SUSY in Final States with Photons
* Gail Hanson, Tue 17:30, D1

* Searches for Signatures of R-Parity Violating Models
* Halil Saka, Mon 14:30, D1

* Searches for Dark Matter Production with Mono-objects and MET
* Bhawna Gomber, Mon 14:30, F14
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*backup
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Summary of CMS SUSY Results* in SMS framework ICHEP 2014
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*Higgs in SUSY cascade
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*EWK production of Higgsinos with
decay to nggs -SUS-13-022

CMS Preliminary, L = 19.3 fb™, Vs = 8 TeV CMS Preliminary, L = 193fb Vs=8TeV
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